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ABSTRACT. The purpose of this study was to evaluate the role of the renin-angiotensin
system in the acute regulation of blood pressure following hemorrhage in the
anesthetized rat. Eleven Sprague-Dawley rats were anesthetized with sodium
pentobarbital. After control blood pressure recordings from the femoral artery were
made, the rats were hemorrhaged 6 ml/kg body weight. Forty minutes after
hemorrhage, the Angiotensin II antagonist, l-SAR-8-ALA-Angiotensin II (saralasin),
was infused (10 /Ltg/min/kg) for 35 min. Hemorrhage resulted in a 53% decrease in
blood pressure which recovered to 82% of the control blood pressure in 40 minutes.
Infusion of saralasin resulted in a 24% decrease (p <0.01) in blood pressure within
15 min. Recovery from saralasin infusion occurred within 10 min as blood pressure
increased back to control values. A second group of 5 rats was not hemorrhaged but was
infused with saralasin. There were no significant changes in blood pressure; although,
a tendency to decrease was noted reflecting the increase in plasma renin activity which
occurs with anesthesia. It was concluded that the renin-angiotensin system can respond
rapidly to a hypotensive event and aid in the restoration of blood pressure within
minutes.
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INTRODUCTION
Much attention has been focused on the
role of the sympathetic nervous system and
the carotid baroreceptors in maintaining
arterial blood pressure during hemorrhage
and other low pressure states (Chien 1967).
Although the role of the kidney in the
acute compensation of blood pressure fol-
lowing hemorrhage has been described,
the kidney's role is understood less com-
pletely than that for the sympathetic ner-
vous system (Powell and DuCharme 1969,
Sapirstein et al. 1941).
Sapirstein et al. (1941) postulated that
the renin-angiotensin system might be in-
volved in the maintenance of arterial blood
pressure. Furthermore, Powell and DuCh-
arme (1969) presented circumstantial evi-
dence that there was a renal vasopressor
'Manuscript received 9 December 1980 and in
revised form 17 December 1981 (#80-62).
mechanism that helped preserve arterial
pressure following a reduction in blood
volume. It was also observed that the blood
pressure of nephrectomized dogs fell more
than that of normal dogs following hemor-
rhage (Brough et al. 1975). When intact
and nephrectomized dogs were bled into
arterial pressure stabilization reservoirs,
the intact dogs lost significantly more
blood than the nephrectomized dogs dur-
ing the first 30 min (Brough et al. 1975).
However, these earlier studies did not spe-
cifically demonstrate that the renin-
angiotensin system was the renal vaso-
pressor system responsible for maintenance
of arterial pressure during hypotension.
With the synthesis of structural analogs
of angiotension II, it has become possible
to more specifically investigate the physio-
logic role of angiotensin II in the regula-
tion of arterial blood pressure. One of the
more widely used analogs is l-SAR-8-
ALA-Angiotensin II (saralasin or PI 13).
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Saralasin is a competitive antagonist of an-
giotensin II (Pals et al. 1971) and has been
used to study the role of angiotensin II in
blood pressure regulation in several hypo-
tensive models (Pals et al. 1971).
The focus of the present study was to
investigate the role of angiotensin II in the
maintenance of arterial blood pressure fol-
lowing hemorrhage in the rat.
METHODS AND MATERIALS
Male Sprague-Dawley rats weighing 250-350 g
were used in this study. After anesthetizing with
intra-peritoneal sodium pentobarbital (60 mg/kg),
17 animals were placed on a heating board and body
temperature maintained. Both left and right jugular
veins were isolated and catheterized towards the
heart with PE50 polyethylene tubing. The right
jugular was connected to a 5 cc syringe for constant
infusion using a Harvard 975 infusion pump. The
left jugular was used for injection of angiotensin II
using a microliter syringe. The femoral artery was
catheterized with PE50 tubing for the monitoring of
arterial blood pressure via a Stathem P23db trans-
ducer connected to a Gould strip chart recorder. This
catheter was also used for the site of hemorrhage.
GROUP 1. After the blood pressure was stabilized
(15-20 min) 11 animals were hemorrhaged
6.0 ml/kg body weight. Forty minutes following
hemorrhage, 3 fJLg/min saralasin was infused for 35
min at 0.013 ml/min. The infusion was then stopped
and a 15 min recovery recorded. The blood pres-
sure response to 100 ng of angiotensin II (All) was
determined during control, saralasin and recovery to
verify pharmacological blockage of All.
GROUP 2. This group of 5 animals served as a
non-hemorrhaged control group. They were submit-
ted to the same protocol as Group 1 except they were
not hemorrhaged. This permitted the determination
of the effects of saralasin on blood pressure in the
normotensive rat.
In an additional animal, saline was infused in
place of the saralasin in a hemorrhaged rat. This was
to determine any volume effect the infusion might
have had on blood pressure. This animal is desig-
nated Group 3 in the figures.
Within group analysis was accomplished with
analysis of variance. Between group analysis utilized
Student's group t-statistic.
RESULTS
The average values of mean arterial
blood pressure was calculated at 5—min
intervals and plotted in fig. 1. Fig. 2
presents the average values for mean arte-
rial blood pressure for Groups 1 and 2
comparing the 5 periods.
Control blood pressures for Group 1
was 101 ±4 mmHg. Hemorrhage sig-
nificantly reduced blood pressure
55 ±5 mmHg to a pressure of 46
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FIGURE 1. Time course of mean arterial blood pressure at 5—min intervals.
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FIGURE 2. Average values of mean arterial blood pressure for Groups 1 and 2 for each of the 5 periods.
±3 mmHg. Forty minutes later, blood
pressure had recovered to 91 ±3 mmHG.
During saralasin infusion, pressure fell sig-
nificantly to 61 ±2 mmHg. Following
cessation of saralasin infusion blood pres-
sure returned to 99 ±4 mmHg.
The animals of Group 2 were not hem-
orrhaged. The average control blood pres-
sure of this group was 101 ±5 mmHg,
not different from Group 1. There were
no significant changes in blood pressure
throughout the time course of the experi-
ment. However, during saralasin infusion
there was a consistent but insignificant de-
crease in pressure which recovered after
cessation of the infusion.
The animal in Group 3 served to dem-
onstrate the time course of recovery from
hemorrhage. Saline only was infused be-
tween 60 and 95 min. The control blood
pressure was 103 mmHg. Blood pres-
sure fell to 53 mmHg after hemorrhage,
rapidly recovered to 83 mmHg within
10 min. Pressure then rose more slowly to
94 mmHg prior to saline infusion. Pres-
sure continued to rise slowly to a final pres-
sure of 102 mmHg at 115 min.
DISCUSSION
The renin-angiotensin system has been
shown to be at least partially responsible
for the maintenance of "normal" blood
pressure during several hypotensive states
including chronic caval constriction in
dogs (Bravo et al. 1976, Brough et al.
1975), chronic sodium depletion in dogs
(Davis and Freeman 1976), and chronic
sodium depletion in rats (Spielman and
Davis 1974). In addition, the renin-
angiotensin system has been implicated in
the acute compensations in blood pressure
in response to hemorrhage induced hypo-
tension in conscious dogs (Freeman et al.
1975). The emphasis of the present study
has been on the role of the kidney, particu-
larly the renin-angiotensin system, in regu-
lating blood pressure during hemorrhagic
hypotension in the anesthetized rat.
It is evident from the present study that
angiotensin II contributes to the recovery
of blood pressure following hemorrhage.
In hemorrhaged rats, competitive antago-
nism of angiotensin II with saralasin re-
sulted in a rapid and striking decrease in
blood pressure. In non-hemorrhaged rats,
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saralasin had no significant effect on blood
pressure. Thus, in rats, as in dogs (Freeman
et al. 1975), angiotensin II contributes
to blood pressure regulation following
hemorrhage.
In the normotensive non-hemorrhaged
group, a slight tendency for blood pressure
to decrease during saralasin infusion was
noted. This is due to the fact that in the
anesthetized animal there is an elevation of
plasma renin and circulating angiotensin II
(Bing and Nielson 1973, Priano etal. 1969,
Spielman and Davis 1974). Thus, upon
inhibition of angiotensin II, blood pressure
falls somewhat in these animals. However,
this was not a significant decrease.
Upon cessation of saralasin infusion,
blood pressure rose rapidly and often rose
to values higher than control. This
"overshoot" of blood pressure is explained
by the fact that during saralasin infusion
plasma renin is increased due to either the
reduction in blood pressure or removal of
angiotensin II feedback on renin release; or
to both (Freeman et al. 1975). Upon re-
moval of competitive blockade of angio-
tensin II, this elevated concentration acts
to rapidly increase blood pressure even to
above control levels.
It is clear from this data that angiotensin
II participates in the acute recovery of
blood pressure following hemorrhage. In
fact, it appears that angiotensin II accounts
for approximately 51% of the blood pres-
sure compensation since, following hemor-
rhage, blood pressure increased 43 mmHg
and upon infusion of saralasin blood pres-
sure decreased 22 mmHg. The contri-
bution of angiotensin II may actually be
greater because in the present study, as
blood pressure fell due to saralasin in-
fusion, the intact neurogenic reflexes
would have been activated to limit the de-
crease in blood pressure. This is supported
by a previous study by Brough et al.
(1975). In a study using areflexic dogs, the
compensation in blood pressure following
hemorrhage was 65% of the decrease in
blood pressure due to hemorrhage. Thus,
in animals without neurogenic reflexes, a
substantial compensation in blood pressure
following hemorrhage can still be accom-
plished and is mainly attributed to the
action of the renin-angiotensin system. In
further support of the concept, Brough
et al. (1975) also hemorrhaged nephrec-
tomized, areflexive dogs. In this case, the
compensation in blood pressure was only
25%. Thus, the remaining 40% was attri-
butable to the renin-antiotensin system.
From these experiments one can con-
clude that the contribution of the renin-
angiotensin system to the compensation
in blood pressure following hemorrhage is
substantial, and along with the nervous
system represents an effective mechanism
to regulate blood pressure. This is empha-
sized by the fact that in the present study,
blood pressure compensation was 82% by
40 min following a substantial hemor-
rhage (6 ml/kg).
In conclusion, based on the fact that
saralasin caused a decrease in blood pres-
sure in hemorrhaged rats, it seems clear
that the renin-angiotensin is involved in
the acute compensations to blood pressure
during hypotension in the rat. This indi-
cates that the renin-angiotensin system is
capable of responding rapidly to changes in
blood pressure and can act in concert with
the nervous system in the acute regulation
of arterial blood pressure.
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